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The effects of 8-methoxypsoralen with long-wave ul-
traviolet radiation on the sister chromatid exchange 
frequency in human epidermal cells in culture was in-
vestigated. With a constant amount of radiation the 
number of exchanges increased in an approximately 
linear manner with increasing concentrations of 8-me-
thoxypsoralen up to 0.3 ftg/ml. Above this concentration 
there were fewer dividing cells and an apparent depar-
ture from linearity in the dose-response curve. 
These results show that 8-methoxypsoralen concentra-
tions equivalent to those found in the serum of patients 
undergoing photochemotherapy, in conjunction with 
UV A radiation, cause striking increases in sister chro-
matid exchange frequency in human epidermal cells in 
vitro. 
Photochemotherapy using 8-methoxypsoralen (8-MOP) a nd 
long-wave length ultraviolet radiation (UV A) for treatment of 
psoriasis has r esulted in dramatic improvements in the majority 
of cases [1,2). However, since 8-MOP forms photoadducts with 
the DNA during activation (3] and repeated treatment appears 
to be necessary to maintain the clinica l improyement, fears 
have been expressed about the potential mutagenic and carci-
nogenic nature of this therapy [ 4,5). Sister chromatid exchange 
(SCE) frequency has been shown to be a sensitive indicator of 
chromosomal damage (6] and many known mutagens and car-
cinogens increase the SCE rate in Chinese hamster cells [7) and 
human leukocytes [8]. 8-MOP + UV A (PUV A) causes a dose 
related increase in the number of SCEs in both these cell types 
(9-11). We report here studies on the effects of 8-MOP with 
UV A on human epidermal cells which are the target cells in 
photochemotherapy of psori:...tic patients. 
MATERIALS AND METHODS 
Epidermal cells were isolated fTom a skin sample taken from a 68-yr-
old male cadaver after separation of the dermis and the epidermis using 
the technique of Liu and Karasek [12] wi th some minor modifications. 
Briefly, after trimming away as much of the dermis as possible, the 
skin was cut into slices, floated on 0.01% trypsin (S igma, Bovine 
pancreas, type 3, 2x recrystalized) and incubated at 37°C for 30-45 
min. The skin was then transferred to growth medium (see below) and 
the epidermis peeled away. Cells were collected by washing the newly 
exposed dermal and epidermal surfaces and fi ltering the suspension 
through a 70 f.l.m mesh nylon gauze (Henry Simon Ltd.) to remove large 
clumps. 
Cu ltu1·es were established with inocula of 5 X 10' cells in 35-mm 
cultw-e dishes, each containing a 3T3 cell feeder layer [13]. 
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Abbreviations: 
CHO: Chinese hamster ovary 
8-MOP: 8-methoxypsoralen 
PBS: phosphate buffered saline 
SCE: sister chromatid exchange 
Stock cultures of 3T3 cells were grown in medium consisting of 90% 
Ham's FlO (Flow) and 10% calf serum. Feeder layers were prepa1·ed 
from cells dissociated with trypsin and suspended in medium containing 
4 ~/ml mitomycin C after which they were centrifuged, suspended in 
fresh medium and counted. The suspension wa diluted to give an 
inoculum of 1.24 X 10" cells/2 ml which was added to each 35-mm dish 
and incubated overnight to allow cell attachment. All the medium was 
then removed and a suspension of epidermal cells in growth medium 
was added to each feeder layer. 
The growth medium for epidermal cells consisted of 80% Ham's FlO 
and 20% fetal calf serum and also contained 1.6 mMol glutamine, 80 
IU/ ml streptomycin, 80 f.l.g/ ml kanamycin, 0.4 llg/ ml hydrocortisone, 5 
f.tg/ ml insulin and 10- 10 M cholera toxin. The medium was initially 
changed after 3 to 5 days and thereafter 3 times a week. Epidermal 
cells were subcultured by removing the feeder layers with 0.02% EDTA 
in PBS, suspending the epidermal cells by incubation in 0.01% trypsin 
and transferring the cells to fresh feeder layers. 
Second, third, and fourth passage cultures between 9 to 13 days were 
used for the experiments. The medium was changed and appropriate 
concentration$ of 8-MOP over a range of 0.004 to 2.5 llg/ ml were added 
in a darkened room. After a 30-min incubation in the dark at 37°C the 
cultures to be irradiated were exposed to 2 parallel Atlas 20W flum·es-
cent UV (nonfil ter) tubes (emission peak ·at about 350 nm), for 15 min 
giving 0.36 J /cm" of incident light on the cells. Controls were also 
included to examine the effect of UVA alone, 0.5 f.l.g/ ml 8-MOP alone, 
and UVA fo llowed by 2.5 f.l.g/ ml 8-MOP. Bromodeoxyuridine (4 .5 f.I.M) 
was then added to all the dishes and cul tm es were incubated in the 
dark. The medium was replaced 24 h1· later with fresh medium contain-
ing the same concentration of bromodeoxyuridine and the cul tures 
were harvested after a further 17 to 18 hr of cultme. Colchicine (0.001% 
W / V) was added for the last l. 75 lu· of culture, and the cells suspended 
with 0.01% trypsin. Chromosome preparations were made and stained 
with 0.5 f.tg/ ml Hoechst 333258 and Giemsa (14]. Only cell with 46 
chromosomes and adequate differential staining to identify SCEs were 
used in the analysis. Polyploid mitoses were insufficiently frequent to 
assess. 
RESULTS 
The results of the study are shown in the Table. There was 
no significant difference between the 3 groups of controls. The 
dose r esponse curve (Figure) shows a n approximately linear 
increase in the number of SCEs/cell in cells treated with a 
constant amount of UV A and increasing concentrations of 8-
MOP up to 0.3 ,ug/rnl , values for 0.02 ,ug/rnl 8-MOP and above 
being significantly different from t he controls (p < 0.001). At 
0.5 ,ug/ ml 8-MOP it was difficult to find dividing cells. Moreover, 
the number of SCEs showed apparent depar ture from lineari ty 
(Figure). No a nalysable cells were found in cultures t reated 
with 2.5 ,ug/ rnl 8-MOP. 
DISCUSSION 
We have shown that the SCE frequency of human epidermal 
cells in culture shows an approxin1ately linear relationship with 
8-MOP concentration up to about 0.3 [tg/ml when exposed to 
0.36 J /cm 2 of UVA (Figure ). At the highest concentration at 
· which SCEs could still be scor ed (0.5 ,ug/ ml) the SCE frequency 
is lower than predicted by extrapolation of the curve. However, 
at this concentration of 8-MOP and this harvest t ime, the 
proportion of dividing cells is considerably reduced and it is 
proba ble that more heavily damaged cells are not a nalyzed . 
Latt and Loveday (9] have found a similar dose/ response in 
Chinese hamster ovary (CHO) cells treated with 8-MOP + 
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The effect of 8-MOP and UVA (0.36J/cm2) on sister chromatid 
exchange frequency in human epidermal cells in culture 
8-MOP f!g/ ml No. of cells an- No. of SCE/Cell (± alyzed SE) UVA 
0 + 36 7.2 ± 0.5 
0.5 11 6.3 ± 0.9 
2.5 +" 11 7.2 ± 0.8 
0.004 + 12 7.0 ± 0.7 
0.02 + 14 15.9 ± 0.8 
0.1 + 93 31.9 ± 1.1 
0.3 + 28 87.4 ± 3.9 
0.5 + 10 91.9 ± 8.2 
" Exposure to UV A radiation was carried out before addition of 8-
MOP 
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The effect of 8-MOP concentration and UVA irradiation (0.36J/cm2) 
on sister chromatid exchange frequency in cultured human epidermal 
cells. Cells were harvested 42 hr after treatment. Bars represent stan-
dard error. 
UV A. The 8-MOP concentration required to induce a mean of 
40 SCE/cell is approximately 0.13 llg/ml for the human epider-
mal cells but about 1.84 fJ.g/ml for the CHO cells. Estimating 
the SCE/unit dose of PUV A [15] which is the SCE frequency 
divided by the product of the 8-MOP concentration (fJ.g/ml) 
·and UVA exposure (J/m2) the values for human and hamster 
cells are 0.085 SCEs and 0.039 SCEs respectively. These values 
are of a similar magnitude: the difference cannot be regarded 
as significant in view of the inevitable inaccuracies in comparing 
these experiments. These workers have also been able to show 
that the effect of a single dose persists over at least 3 cell 
generations. 
8-MOP and UV A has been shown by a number of workers 
[10,11] to result in dose related increases in SCEs in human 
lymphocytes. However, detailed comparisons between lympho-
cyte cultures and surface attached epidermal cells are inappro-
priate since conditions of culture and irradiation differ. 
Although leukocytes obtained from some psoriasis patients 
immediately after PUV A treatment show a decreased incorpo-
ration of tritiated thymidine in vitro, suggesting a possible 
effect on cells in the circulation [16], no increase in SCE 
frequency in lymphocytes in the blood of patients on PUV A 
therapy can be detected [17,18]. It seems that although some 
effects of PUV A on circulating blood cells may be observed, the 
UV A exposure is not sufficient to alter the SCE frequency, and 
8-MOP alone, except at very high concentrations [19] has no 
effect on this parameter [11]. 
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In contrast, the epidermal cells are directly exposed to UV A 
during photochemotherapy. The concentration of 8-MOP in 
these cells is uncertain but serum concentrations are about 0.1 
to 0.3 fJ.g/ml [20,21]. Assuming similar concentrations in the 
epidermis, our results show that considerable DNA damage 
must occur in the epidermal cells during PUV A treatment 
carrying with it the risk of mutation and carcinogenesis. It 
seems likely that such damage will also have an effect on 
cellular proliferation though whether this is solely responsible 
for the beneficial effects of PUV A treatment in psoriasis is not 
clear. 
We are grateful to Dr. Howard Green for providing 3T3 cells and 
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